11.04 




.1111 



SCHEMATIC DIAGRAM OF CONVENTIONAL EXCIMER LASER ANNEALER 

FIG. 1 PRIOR ART 







h- 




DC 


dc 


DC 


DC 


< 


< 


< 


< 


<DC 


CD DC 


O DC 


Q DC 












os 


OS 


OS 


LL CL 


U_ Q_ 


LL CL 


LL Q_ 




* 



FIRST PULSE 



INTENSITY 
(mJ) 



FIRST PULSE 









FIRST PUl 


.SE 




> 


















< — i > 


< — -J > 


c j 3 









IRRADIA- 
TING 
PERIOD 



NON-LASER 
EXCITATION 
PERIOD 



IRRADIA- 
TING 
PERIOD 



NON-LASER 
EXCITATION 
PERIOD 



IRRADIA- 
TING 
PERIOD 



NON-LASER 
EXCITATION 
PERIOD 



FIG. 3 



MAXIMUM COOLING 
RATE 

MINIMUM COOLING 
RATE 



TEMPERATURE 
OF Si FILM 



SOLIDIFICATION TIME 
K > 



MELTING POINT OF 
CRYSTALLINE Si 




MELTING POINT OF 
AMORPHOUS Si 



TEMPERATURE 
CHANGE OF Si 



TIME (nsec) 

FIG. 4 



! W 










: i . > ^ 







20 nsec/div 
ILLUSTRATIVE LASER PULSE SHAPE 



FIG. 5 



3x10 ,Q r 

CO 

| 2x10 10 1 

To 
i— 

c 

1x10 1(l 

O 



200 




g MICROCRYSTALLIZATION 
CRYSTALLIZATION 



300 



400 



500 



600 



Energy density (mJ/cm ) 



RELATIONSHIP BETWEEN IRRADIATION INTENSITY AND COOLING RATE, 
AND COOLING RATE AT WHICH THE MATERIAL BECOMES AMORPHOUS 



FIG. 6 



10 10 H 



c 

"o 
o 
O 



10 9 



o 

O v. 



MAXIMUM COOLING RATE 
MINIMUM COOLING RATE 



O 



2nd pulse energy (150mJ/cm 2 ) 



100 200 300 

Delay time for 2nd pulse (nsec) 



RELATIONSHIP BETWEEN MAXIMUM COOLING RATE RAFTER 
APPLICATION OF SECOND PULSE AND THE COOLING RATE IN THE 
VICINITY OF SOLIDIFICATION POINT 



FIG. 9 



T J ME 



TEMPERATURE OF SILICON THIN FILM 75nm THICK ON A 
SiO, SUBSTRATE IRRADIATED AT AN INTENSITY OF 
450mJ/cm 2 BY XeCL LASER (WAVELENGTH: 308nm) 

FIG. 7 




1 shot 



3shots 



339 mJ/cm2 424 rnJ/cm2 470 mJ/cm2 

ELECTRON MICROSCOPIC PHOTOGRAPHS OF LASER-INDUCED 
CRYSTALLIZED FILMS AFTER ZERO-ETCHING RELATIVE TO 
IRRADIATION INTENSITY AND NUMBER OF IRRADIATION TIME 



FIG. 8 



] 

■i * 




FIG.10 




STAGE MOVING DIRECTION 




STAGE TILT DIRECTION EXCIMER LAYER IRRADIATOR 



FIG.11 




ALIGNMENT MECHANISM 



FIG. 12 



FIG.13A 

MASK 

PATTERN 



FIG.13B 

EXPOSUR 

PATTERN 



FIG.13D 
ETCHING 
PATTERN 



n/oo 

+ E3 



maskl 

-mask2 



^ markl 



A-A' CROSS SECTION 




FIG.13C 



FIG.13E 



PATTERN TRANSFER AND ALIGNMENT IN 
EXCIMER LASER ANNEALING 



ILLUSTRATIVE CONTROL PROCEDURE (1) 

SUBSTRATE STAGE ON . — . 

OPERATION OFF -J I 

ALIGNMENT, FOCUSING ON 

AND OTHER otri _ 

PROCEDURES ol ~ h 

LIGHT IRRADIATION ON 

ON SUBSTRATE QFF 



FIG.14A 



ILLUSTRATIVE CONTROL PROCEDURE (2) 

SUBSTRATE STAGE 
OPERATION 

ALIGNMENT, FOCUSING 
AND OTHER 
PROCEDURES 

MASK STAGE 
OPERATION 

LIGHT IRRADIATION 
ON SUBSTRATE 



ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 



FIG.14B 



opt1 
-opt1 1 




SubO Si2 



PLASMA-ENHANCED CVD CHAMBER-SUBSTRATE TRANSFER 
CHAMBER-LASER IRRADIATING CHAMBER 



FIG. 15 




FIG. 16 



RF1 




FIG. 17 




FIG. 18F1 FIG. 18F2 




T9 T10 Tl T2 



subO 




FIG. 19A 



FIG. 19B 



FIG. 19C 



FIG. 19D 



T4 



T5 



FIG. 19E 



T6 



T6 T6' 



T6' 




FIG. 19F2 

T8 T7' 




FIG. 19G1 



T7' 

FIG. 19G2 



Tl T2 



subO 



FIG. 20A 



T2 J 



FIG. 20B 



T3 



I M I ■ >v — 



FIG. 20C 



FIG. 20D 



T4 



T5 



FIG. 20E 



T6 




T6 






hum 






1 



FIG. 20G1 



T6' 



T6 ! 



FIG. 20G2 




FIG. 20F1 T7 




FIG. 20F2 11 




< 


CD 


O 


Q 


C\] 


C\J 


CM 


CM 


C\J 


<M 


CM 


CM 


d 


d 


d 


d 


LL 




LL 


LL 




AL 
i 

_i 



3715 




3720a- 
3770 3720b-/ 
\^ 3720c/ 



L _ 



3720 



3771 



3790 




FIG.23 




3950 



3922 



FIG.24 



3970 



TRANSFER 

CHAMBER 

SIDE 



3971 



FIG.25 



3921 

PROCESS 
CHAMBER 
SIDE 





4148 
4149 



FIG.26 



MOVING UP AND 
DOWN BETWEEN 
UPPER AND 
LOWER LIMITS 



42100 



4241 




4148 



1 



K4243 



r 



4242 



K 4149 



4246 



--4- 4247 



FIG.27 



r- O C\J 




CO 



4321 - 



Y1 



4307 



4323 



4318 



4310 




4306 



4320 



4315- 



I 



4316 



-t 4314 
I 




CABLE 



CHAMBER 



43100 



Y A 



K 



i : 



CURRENT INLET 
TERMINAL 



FIG.30 




FIG.31 




5105-1 



r 

5102 

FIG.33 



5201 
( 



Z 



5103 

4-, 



5105-3 



2 



5105-2 



5102 



5202-1 



FIG.34 




FIG.35 



7112 



3 



7514 



HOST 

CONTROLLER 



FLOW RATE 
CONTROL 



GAS INLET 
PATH 



7513 

FIG.40 



FLOW RATE 



7512 



TIME 



FIG.41 



FILM FORMING 
MATERIAL GAS 
SUPPLY UNIT 
(SiH 4 ETC.) 




TIME 

t 0 : START OF 0 2 DISCHARGE 

t! : START OF SiH 4 SUPPLY 

t 2 : SiH 4 SUPPLY ATTAINS A CONSTANT LEVEL 



FIG.42 



4 




FIG.45 




FIG.47 



■A 



3510 



3520a 



3520 




T 



3540 



FIG.49 



